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Nutritional evaluation for individual persons is important because the metabolic ability is not the same. e method that has been used frequently involves recording dietary intake and calculating nutrient intake. Another approach to evaluate nutritional status involves using biomarkers such as blood and urine samples.
We reported that the urinary excretory amounts of watersoluble vitamins closely re ect the surplus amount of watersoluble vitamins in the bodies of rats [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] and humans [16 -27] . e nutritional assessment using biomarkers is persuasive, and leads readily to the transformation of habitual dietary intakes.
us, we tried to set tentative amounts of urinary excretion for eight water-soluble vitamins of nine water-soluble vitamins (except vitamin B 12 ) for preventing water-soluble vitamin de ciency and its toxicity of excess intake for maintaining health in adults. e method was applied for evaluation of the status of watersoluble vitamins for young Japanese females.
Material and Methods
e study protocol was reviewed and approved by the Ethical Committee of the University of Shiga Prefecture (Shiga, Japan).
2.1.
A semi-chemically de ned diet experiment to calculate tentative urinary excretion amounts of eight water-soluble vitamins of nine water-soluble vitamins (except vitamin B 12 ) for maintaining health 2.1.1. Subjects
We enrolled 20 healthy female Japanese college students. eir ages, body weights and heights were 21.2 ± 0.7 y (mean ± SD), 163.9 ± 3.7 cm, and 54.2 ± 1.1 kg, respectively. Before experimentation, they underwent a physical examination.
eir hematological and blood biochemical analyses showed normal values.
Diet and experimental design
All subjects were housed in the same facility for 9 days. e experimental design is the same as that shown in a previous report [17] . e experimental design is the same as in a preceding article [17] . e subjects took a semi-puri ed diet including vitamins based on Japanese Dietary Reference Intakes (DRIs) [28] during the experiment.
e diet consisted of wheat our, gluten, gelatinized-cornstarch, sucrose, soybean oil, rapeseed oil, lard, soluble dietary ber, insoluble dietary ber and mineral mixture. When subjects are administered the same diet for several days, the urinary excretion amounts of water-soluble vitamins become constant a er 3 d [22] . Twenty-four-hour urine samples were collected from the second urinary excretion on d 4 to the rst one on d 5 (referred to as "urine sample d 4"). Urine samples were also collected on d 5, 6, and 7. A er the volumes of the urine samples had been measured, the collected urine samples were treated immediately as described in the section "Analyses" to avoid destruction of water-soluble vitamins. ey were then stored at -20°C until needed.
2.2.
Collection of urine samples for evaluating levels of watersoluble vitamins 2.2.1. Subjects e subjects were female Japanese college students (n = 709). ey consumed the diet and had a lifestyle that did not involve restrictions.
Twenty-four-hour urine collection
A single 24-h urine sample was collected each day. Subjects were instructed in writing and verbally on the methods of urine collection and the necessity of obtaining a complete 24-h urine collection. Subjects were requested to eat and drink normally during the collection and to follow their usual pattern of activity. Subjects were then provided with a bag, three or four 1-L plastic bottles (containing no additives) and ten 400-mL cups. A recording sheet was provided. In the morning, subjects were asked to discard the rst specimen and to record the time (usually 06:00-09:00 h) on the sheet (the start of the collection period). Subjects were asked to collect all specimens by the time of the start of the collection period the following morning. If a specimen was missed, subjects were asked to record the estimated volume of missing urine and the time.
e following morning, subjects were asked to collect the last specimen at the time when the specimen was discarded the previous morning, and record the time on the collection sheet (the end of the collection period). e collection sheet was reviewed by the research sta when the samples were returned, and missing information was obtained from the subjects. e height of urine in each bottle was measured and later converted into volume using an empirical formula based on repeated measurements of volume in identical bottles. All urine from the 24-h collection period was then combined and mixed thoroughly by vigorous stirring. Urinary aliquots were taken and used for determination of vitamins and metabolites.
Chemicals
Wheat our (so our, rst grade) was obtained Nisshin Flour Milling Inc. (Tokyo, Japan). Wheat gluten, gelatinized cornstarch, soybean oil, 13 types of vitamins, and minerals were purchased from Wako Pure Chemical Industries (Osaka, Japan). Rapeseed oil was from Ajinomoto Co., Ltd. (Tokyo, Japan). Coconut oil and lard were obtained from Clea Japan (Tokyo, Japan). "Fibersol", used as a soluble dietary ber, was purchased from Matsutani Chemical Industries (Osaka, Japan), and "Ramie powder", used as an insoluble dietary ber, was from Tosco (Tokyo, Japan [29] and Shibata et al. [30] , respectively. All other chemicals used were of the highest purity available from commercial sources.
Determination of vitamins and metabolites in urine
For the analysis of thiamin, 1 mL of 1 mol/L HCl was added to 9 mL of urine. Urinary content of thiamin was determined by the high-performance liquid chromatography (HPLC)-post labeled uorescence method [31] .
For the analysis of ribo avin, 1 mL of 1 mol/L HCl was added to 9 mL of urine. Urinary content of ribo avin was determined by HPLC [32] .
For the analysis of 4-PIC (a metabolite of pyridoxal), 1 mL of 1 mol/L HCl was added to 9 mL of urine. Urinary content of 4-PIC was determined by HPLC [33] .
For the analysis of vitamin B 12 , acetate bu er and potassium cyanide were added to urine, and vitamin B 12 in urine was converted to cyanocobalamin by autoclave [34] . Urinary content of cyanocobalamin was determined by the microbioassay method using Lactobacillus leichmannii, ATCC 7830 [34] .
For the analysis of MNA, 2-Py, 4-Py, and nicotinamide metabolites, 1 mL of 1 mol/L HCl was added to 9 mL of urine. Urinary content of 2-Py, 4-Py and MNA was determined by HPLC [30, 35] .
For the analysis of pantothenic acid, a urine sample was injected directly into a HPLC system [36] .
For the analysis of folate, 1 mL of 1 mol/L L(+)-ascorbic acid was added to 9 mL of urine. Urinary content of folate was determined by the microbioassay method using Lactobacillus rhamnosus, ATCC 27773 [37] .
For the analysis of ascorbic acid, 4 mL of 10% metaphosphate was added to 4 mL of urine. Urinary ontent of reduced and oxidized ascorbic acid and of 2,3-diketogulonic acid was determined by HPLC [38] .
Statistical analyses
Spearman correlation coe cients were calculated to determine the association between a urinary vitamin and another urinary vitamin. Graph Pad Prism 5.0 (Graph Pad So ware, San Diego, CA, USA) was used for all statistical analyses.
Results and Discussion

Selection of surrogate indicators for evaluating watersoluble vitamins in urine
A potential approach for calculating the tentative urinary excretion amounts of eight water-soluble vitamins of nine water-soluble vitamins (except vitamin B 12 ) for maintaining health in apparently healthy subjects is based on the observation that a water-soluble vitamin or its catabolites can be detected in the urine. For example, the nicotinamide catabolite MNA is traditionally used for a surrogate indicator of niacin nutritional status [39] .
e catabolites of thiamin in human urine such as 4-methylthiazole-5-acetic acid [40] , and 2-methyl-4-amino-5-pyrimidine carboxylic acid [41] have been reported. However, the synthetic methods for standard chemicals and the practical methods of measurement have not been successful.
us, we chose thiamin for evaluating the nutritional status of vitamin B 1 .
e catabolites of ribo avin in human urine (7 alphahydroxyribo avin and 8 alpha-hydroxyribo avin) have been reported [31] , but the catabolites have not been synthesized.
us, we chose ribo avin for evaluating the nutritional status of vitamin B 2 .
4-PIC is well known as a major catabolite of vitamin B 6 [33] and is from available commercial resources. us, we chose 4-PIC for evaluating the nutritional status of vitamin B 6 .
As shown in the present study, vitamin B 12 is also eliminated into urine. However, the major elimination pathway is bile via the enterohepatic circulation [42] , and not urine via the kidney. Furthermore, the amount of urinary excretion does not re ect the intake of vitamin B 12 [23] . erefore, the data on vitamin B 12 are informative. We already clari ed that the amount of urinary excretion of vitamin B 12 re ects urine volume [23] .
e metabolism of niacin in humans is well known (Fig.  1) . Nicotinamide is biosynthesized from the essential amino acid L-tryptophan. e conversion amount is reported to be ≈1 mg of nicotinamide from 60 mg of L-tryptophan [18, 43] . Nicotinic acid cannot coin in humans under a physiological concentration of nicotinamide (≈0.1 mmol/L) because the Km value of nicotinamide deamidase (which catalyzes the reaction of nicotinamide → nicotinic acid) is very high (≈0.1 mol/L) [44] . Indeed, we could not detect nicotinic acid in human urine as well as in rat urine [45] . Ingested nicotinic acid is a good precursor of NAD + and therefore of nicotinamide (Fig. 1) . In rat experiments, even when rats are administered a diet containing nicotinic acid, we could not detect nicotinic acid in their urine [46, 47] . Detection of nicotinic acid was limited only when a large amount of nicotinic acid (for example, a 1.0% nicotinic acid diet) [48] or nicotinamide (1.0% nicotinamide diet) [49] was fed to rats. In human experiments, even when 150 mg of nicotinamide was administered for 44 weeks, we could not nd any amount of nicotinic acid in urine [50] . erefore, in our opinion, nicotinic acid itself cannot be used for evaluating niacin nutritional status. Nicotinamide can be detected in human urine [50, 51] , but the amount is approximately the limit of detection even when 150 mg of nicotinamide is administered [50] . erefore, nicotinamide cannot be used for evaluating niacin nutritional status. Catabolites of nicotinamide in humans are known: MNA, 2-Py, and 4-Py (Fig. 1) [30] . MNA can be obtained from commercial resources, but 2-Py and 4-Py cannot. Shibata et al. successfully synthesized 2-Py and 4-Py [30] and showed that MNA, 2-Py, and 4-Py are major urinary catabolites in humans [30] . us, we chose the sum of MNA, 2-Py, and 4-Py for evaluating niacin nutritional status.
e catabolism of folate in humans is known. ese catabolites are the cleavage products of the C-9-N-10 bond of folate, including p-aminobenzoylglutamate and pacetamidobenzoylglutamate [52, 53] . In general, the measurement methods for the catabolites are not practical and straightforward. erefore, they are di cult to carry out as routine work.
us, we chose folate for evaluating the nutritional status of folate. In the present study, the urinary excretory levels of folate was measured by microbiological assay using L. rhamnosus, ATCC 27773 [37] . is assay can use many types of folate compounds, such as pteroylmonoglutamic acid (PteGlu), dihydroPteGlu, tetrahydroPteGlu, 5-formyltetrahydroPteGlu, 10-formyltetrahydroPteGlu, 5,10-methylenetetrahydroPteGlu, and 5-methyltetrahydroPteGlu, as growth factors [54] .
erefore, the urinary amounts in the present study did not contain the catabolites of folate.
e catabolites of pantothenic acid in human urine are not known. Pantoic acid and β-alanine are not the enzymatic degradation products of pantothenic acid but are nonenzymatic degradation products, the reaction of which proceeds under acidic conditions. us, we chose pantothenic acid for evaluating the nutritional status of pantothenic acid.
e catabolites of biotin in human urine are known. Mock et al. [55] reported that biotin is catabolized to bisnorbiotin and biotin sulfoxide in humans, and that the bioassay organism grows equally well on the biotin as well as the biotin metabolites present in urine. e standard catabolites are not purchased from commercial sources but, in the present study, Lactobacillus plantarum was used as the bioassay organism to assess biotin. In the present study, the urinary excretion levels for bisnorbiotin and biotin sulfoxide as well as biotin are detailed.
us, we chose the sum of biotin and its catabolite for evaluating the nutritional status of biotin.
e catabolism of vitamin C is not well known. However, we know that reduced ascorbic acid → oxidized ascorbic acid → 2,3-diketogulonic acid → oxaloacetic acid [38] . In the present study, we measured three major compounds which occur in urine: reduced ascorbic acid, oxidized ascorbic acid, and 2,3-diketogulonic acid. In the present study, the measurement method used can detect total osazones (into which the three compounds were converted). us, we chose total osazones for evaluating the nutritional status of vitamin C.
Tentative urinary excretion amounts of eight watersoluble vitamins of nine water-soluble vitamins (except vitamin B 12 ) for maintaining health
Apparently healthy subjects were administered a chemically de ned vitamin diet followed by Japanese DRIs for 7 d. Daily urine samples were collected from d 4 to d 7.
e frequency distribution of urinary excretion of each of eight vitamins is shown in Fig. 2 . e minimum and h percentile urine excretion of each vitamin is described in Table 1 . e maximum and 95th percentile urinary excretion of each vitamin is described in Table 2 . We have shown the average urinary excretion when subjects are administered a diet containing 3-fold levels of vitamins compared with Japanese DRIs [20] . Such doses are safe for maintaining health because no accumulation occurs in blood [20] . We tried to set a tentative value of urinary excretion for each water-soluble vitamin for maintaining health from these results (Fig. 1, Table 1 , and Table 2) . Proposed values are shown in Table 3 .
Evaluation of the nutritional status of water-soluble vitamin in Japanese females
Twenty-four-hour urine samples (n = 709) from females who lived and consumed a diet in an uninhibited manner were collected each day. Table 4 shows the minimum, maximum, median, and mean ± SD of each water-soluble vitamin. Figure 3 shows a fragmentary view of the histograms (with a focus on omitting extremely high excretion) of daily urinary excretion amounts of vitamin B 1 , vitamin B 2 , vitamin B 6 , vitamin B 12 , niacin, folic acid, 4 , and (I) vitamin C* 5 in apparently healthy young Japanese females administered a chemically de ned vitamin diet followed Japanese DRIs. * 1 Vitamin B 6 ; the value is 4-PIC, a major catabolite of V.B 6 . * 2 Niacin; the value is the sum of MNA, 2-Py, and 4-Py, which are major catabolites of nicotinamide. * 3 Folates; the value is the sum of pteroylmonoglutamic acid (PteGlu) + dihydroPteGlu + tetrahydroPteGlu + 5-formyltetrahydroPteGlu + 10-formyltetrahydroPteGlu + 5,10-methylenetetrahydroPteGlu + 5-methyltetrahydroPteGlu. * 4 Biotin; the value is the sum of biotin + bisnorbiotin + biotin sulfoxide * 5 Vitamin C; the value is the sum of the reduced and oxidized ascorbic acid and its catabolite 2,3-diketogulonic acid.
Water-soluble vitamin
Minimum urinary excretion when fed a chemically de ned vitamin diet followed by Japanese DRIs Urinary excretion at 5th percentile when fed a chemically de ned vitamin diet followed by Japanese DRIs Table 1 . Minimum urinary excretion of water-soluble vitamins in apparently healthy young Japanese females fed a chemically de ned vitamin diet followed by Japanese DRIs. Table 2 . Maximum urinary excretion of water-soluble vitamins in apparently healthy young Japanese females fed a chemically de ned vitamin diet followed by Japanese DRIs. ; the value is 4-PIC, a major catabolite of V.B 6 . * 2 Niacin; the value is the sum of MNA, 2-Py, and 4-Py, which are major catabolites of nicotinamide. * 3 Folates; the value is the sum of pteroylmonoglutamic acid (PteGlu) + dihydroPteGlu + tetrahydroPteGlu + 5-formyltetrahydroPteGlu + 10-formyltetrahydroPteGlu + 5,10-methylenetetrahydroPteGlu + 5-methyltetrahydroPteGlu. * 4 Biotin; the value is the sum of biotin + bisnorbiotin + biotin sulfoxide * 5 Vitamin C; the value is the sum of the reduced and oxidized ascorbic acid and its catabolite 2,3-diketogulonic acid. ; the value is 4-PIC, a major catabolite of V.B 6 . * 2 Niacin; the value is the sum of MNA, 2-Py, and 4-Py, which are major catabolites of nicotinamide. * 3 Folates; the value is the sum of pteroylmonoglutamic acid (PteGlu) + dihydroPteGlu + tetrahydroPteGlu + 5-formyltetrahydroPteGlu + 10 -formyltetrahydroPteGlu + 5,10-methylenetetrahydroPteGlu + 5-methyltetrahydroPteGlu. * 4 Biotin; the value is the sum of biotin + bisnorbiotin + biotin sulfoxide * 5 Vitamin C; the value is the sum of the reduced and oxidized ascorbic acid and its catabolite 2,3-diketogulonic acid. e values above the diagonal line are "Spearman r", and those below the line are P values (two-tailed). e number of data used here is 635 because subjects who obviously took vitamin supplements were omitted.
pantothenic acid, biotin, and vitamin C in the study cohort. Figure 4 shows the fragmentary view of histograms (with a focus on extremely high excretion) of daily urinary excretion amounts of vitamin B 1 , vitamin B 2 , vitamin B 6 , vitamin B 12 , niacin, folic acid, pantothenic acid, biotin, and vitamin C. Table 5 shows a trial evaluation of water-soluble vitamins in the study cohort. Vitamin B 2 , folate, and vitamin C occupied >30% beyond the lower limit. e percentage over the upper limit was for each water-soluble vitamin was very low. Table  6 shows the correlation between the amounts of urinary excretion of water-soluble vitamins. A relatively close relationship between vitamin B 1 and vitamin B 6 , as well as between vitamin B 6 and niacin, was observed. Of 709 subjects, the urinary excretion of eight watersoluble vitamins was within the tentative values for maintaining health (Table 3) in 181 subjects (25.5%). e number of subjects in whom only one vitamin was below the lower limit of detection was 185 (26.1%), for two vitamins was 157 (22.1%), for three vitamins was 97 (13.7%), for four vitamins was 148 (20.9%), for ve vitamins was (22) 3.1%, for six vitamins was 12 (1.7%), for 7 vitamins was 2 (0.28%), and for 8 vitamins was 1 (0.14%).
e urinary excretion of water-soluble vitamins re ects that for the most recent week [25] [26] [27] . Hence, the lower urinary excretion does not immediately mean vitamin insu ciency. However, if a subject maintains a diet for a long time, he/she will be in an appropriate state to reveal a de ciency syndrome.
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Concluding Remarks
We calculated a tentative urinary excretion values for water-soluble vitamins for maintaining health based on data obtained from intervention studies. We evaluated the nutritional status of water-soluble vitamin in 709 Japanese females.
